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(54) Drug eluting stent 

(57) A drug eluting intravascular stent comprising: 

(a) a generally cylindrical stent body; 

(b) a solid composite of a polymer and a therapeutic 
substance in an adherent layer on the stent body; 
and 

(c) fibrin in an adherent layer on the composite. 



This may be prepared by the steps of: 

(a) providing a generally cylindrical stent body; 

(b) forming on said stent body a layer of a solid com- 
posite of polymer and therapeutic substance; and 

(c) forming over said composite a layer of fibrin. 
Such stents may be used in combatting restenosis; 
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Description . flnnciQ nf bo( jv lumens and to intraluminal stents 

oftha arte* For these angioplasty P«^^^SS ^ " Wcal * S£ 

vessel location, lesion length and a number of other mo ^£>™ angioplasty procedures. The healing reacts 
ana.ura.healing reaction to the iniury of the ^^^^Sfln^econ^«tep.of1hel^l»^ 
begins with the mrombotk: mechanism at ^^^^.ration of medial smooth muscle cells, comb.nedw.th 
can be intimal hyperplasia, me uncontro " <«B^ « or occluded. 

their extracellular matrix production, unt.l the artery is again * enos perma nently implanted ,n coronary or 

,n an attempt to prevent restenosis. ^^T^SSSm lumen and expanded into contact w«h me 

ulant and antiplatelet drugs. „„ vinM d to orovide stents which are seeded with endothelial cells 

^To address the restenosis SSSmK^^ « * ^ end0,he,ia, T 

(see Dichek et at.. Circulation 80: 1347-1353 (1989)) M ' «P° .LactosWase or human tissue-type plasm.nogen 

^e^eretr W irus-medatedg^ 
act^esee^ortostainless^^ 

fobedelfveredtothe ^«'a'^^™^ f ^ P ^ ( 2^W •» in inte " iafonal P 316 "' 
^vascu^art^^^ 

in an article by Sofdani Mai.. 'Bioartifical Pofymer.c ^^7^1991, polyurethane is combined with fibrmogen 
andCol^ 

and cross linked with thrombin and then made .nto vascular .3^"^—- ^ d raded and reabsorbed Also 
So^nTet al. article indicated that the fibrin facilitated L*^an artLia.blood vesse., catheter or ar- 

S-A-366564 (Terumo Kabushiki Kaisha) disclo ses a medic^ d«*e * a sajd ^ be hjgh)y nontnrom . 

ffficial Wamal organ which is made from a polymerized P"*^ " T^, mat regen erate the intima. Also, in an 
SSTS LS. compa«ib.e and promotes the "-J^JJ^JSEI * •*»* Systems. Vol 3, SuppL 
article by Gusti et al.. 'New Btotaed Polymers for Card.ovascuter App^a cross .|inking them wrtlr 

f 1M6 ^iolized- polymers were made by ™J^*^££JL Ateo, in an article by Have**, 
brombin to improve tissue ingrowth and ^^^^JSovascu.^ Surgeon, Vol. 30. No. 4, pp. 21 5-22 
«t al -Evaluation of Fibrin Seal in Animal Experiments .1 nora ^ EP-A-566245 (corresponding to USSN 

*£SZ££ report the successful seating of ^^ a ^^^^7^^^^'^ 
08*79222) it is disclosed mat me problem of restenosis can be •JJ-JJJ als£> ha8 a drug delW ery capability mat 
SfLu^edesi^ 

body: and (c) fibrin in an adherent layer on the composrte. 
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Viewed from a further aspect, the invention also provides a method of producing such a stent, said method com- 
prising the steps of: (a) providing a generally cylindrical stent body; (b) forming on said stent body a layer of a solid 
composite of polymer and therapeutic substance; and (c) forming over said composite a layer of fibrin. 

The stent body of the stent of the invention may have many configurations and the generally cylindrical shape is 
5 such that it is adapted for positioning within a body lumen. 

In one embodiment of the invention, a solution which includes a solvent, a polymer dissolved in the solvent and a 
therapeutic drug dispersed in the solvent is applied to the structural elements of the stent and then the solvent is evap- 
orated. Fibrin can. then be added over the coated structural elements. The inclusion of a polymer in intimate contact with 
a drug on the underlying stent structure allows the drug to be retained on the stent in a resilient matrix during expansion 
10 of the stent and also slows the administration of drug following implantation. This method can be used whether the stent 
has a metallic or polymeric surface. The method is also an extremely simple method since it can be applied by simply 
immersing the stent into the solution or by spraying the solution onto the stent. The amount of drug to be included on 
the stent can be readily controlled by applying multiple thin coats of the solution while allowing it to dry between coats. 
The overall coating should be thin enough so that it will not significantly increase the profile of the stent for intravascular 
is delivery by catheter. It is therefore preferably less than about 50.8 um (0.002 inch) thick and most preferably less than 
25.4 fim (0.001 inch) thick. The adhesion of the coating and the rate at which the drug is delivered can be controlled by, 
the selection of an appropriate bioabsorbable or biostable polymer and by the ratio of drug to polymer in the solution. 
By this method, drugs such as glucocorticoids (e.g. dexamethasone, betamethasone), heparin, hirudin, tocopherol, 
angiopeptin, aspirin, ACE inhibitors, growth factors, oligonucleotides, and, more generally, antiplatelet agents, antico- 
20 agulant agents, antimitotic agents, antioxidants, antimetabolite agents, and anti-inflammatory agents can be applied to 
a stent, retained on a stent during expansion of the stent and elute the drug at a controlled rate. The release rate can 
be further controlled by varying the ratio of drug to polymer in the multiple layers. 

In another embodiment of the invention, the polymer in the first layer is fibrin. The coating of polymer and drug on 
the stent is achieved by forming a first fibrin layer on the stent body by applying fibrinogen and thrombin to the stent; 
2S while the fibrin layer is polymerizing, applying a layer of a therapeutic substance to the polymerizing fibrin layer, and 
overcoating the therapeutic substance and fibrin with a second fibrin layer. Alternatively, the therapeutic substance can 
be dispersed in a solution of fibrinogen which is applied to a stent body and thrombin can then be added in order to 
effect polymerization of the fibrinogen and to provide a fibrin matrix to contain the therapeutic substance. According to 
this method the amount of therapeutic substance to be delivered by the stent can be controlled by employing multiple 
30 layers of fibrin and therapeutic substance. 

Fibrin is a naturally occurring polymer of fibrinogen that arises during blood coagulation. 

Blood coagulation generally requires the participation of several plasma protein coagulation factors: factors XII, XI, 
IX, X, VIII, VII, V, XIII, prothrombin, and fibrinogen, in addition to tissue factor (factor HI), kallikrein, high molecular weight 
kininogen, Ca 2+ , and phospholipid. The final event is the formation of an insoluble, cross-linked polymer, fibrin, generated 

35 by the action of thrombin on fibrinogen. Fibrinogen has three pairs of polypeptide chains (ALPHA 2 - BETA 2 - GAMMA 
2) covalently linked by disulfide bonds with a total molecular weight of about 340000. Fibrinogen is converted to fibrin 
through proteolysis by thrombin. An activation peptide, fibrinopeptide A (human) is cleaved from the.amino-terminus of 
each ALPHA chain; fibrinopeptide B (human) from the amino-terminus of each BETA chain. The resulting monomer 
spontaneously polymerizes to a fibrin gel. Further stabilization of the fibrin polymer to an insoluble, mechanically strong 

40 form, requires cross-linking by factor XIII. Factor XIII is converted to Xllla by thrombin in the presence of Ca 2 *. Xljla 
cross-links the GAMMA chains of fibrin by transglutaminase activity, forming EPSILON - (GAMMA -glutamyl) lysine 
cross-links. The ALPHA chains of fibrin also may be secondarily cross-linked by transamidation. 

Since fibrin blood clots are naturally subject to fibrinolysis as part of the body's repair mechanism, implanted fibrin 
can be rapidly biodegraded. Plasminogen is a circulating plasma protein that is adsorbed onto the surface of the fibrin 

<s polymer. The adsorbed plasminogen is converted to plasmin by plasminogen activator released from the vascular en- 
dothelium. The plasmin will then break down the fibrin into a collection of soluble peptide fragments. 

Methods for making fibrin and forming it into implantable devices are well known, as described in the following patent 
(Duplications. In US-A-4548736 (Muller et a!.), fibrin is clotted by contacting fibrinogen with a fibrinogen-cbaguiating 
protein such as thrombin, reptilase or ancrod. Preferably, the fibrin in the fibrin-containing stent of the present invention 

so has Factor XIII and calcium present during clotting, as described in US-A-3523807 (Gerendas), or as described in 
EP-A-366564, in order to improve the mechanical properties and biostability of the implanted device. Also preferably, 
the fibrinogen and thrombin used to make fibrin in the present invention are from the same animal or human species as 
that in which the stent of the present invention will be implanted in order to avoid cross-species immune reactions. The 
resulting fibrin can also be subjected to heat treatment at about 150° C for 2 hours in order to reduce or eliminate anti- 

55 genicity. in US-A-4548736 (Muller et al.) the fibrin product is in the form of a fine fibrin film produced by casting the 
combined fibrinogen and thrombin in a film and then removing moisture from the film osmotically through a moisture 
permeable membrane. In EP-A-366564, a substrate (preferably having high porosjty or high affinity for either thrombin 
or fibrinogen) is contacted with a fibrinogen solution and with a thrombin solution. The result is a fibrin layer formed by 
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pK^S me stent o, the ^^^^^9 the '^^Cr^ethy. Ketone 

material could be made, lor exampte, « a £*J ^ethane soluton a c ^ s,a ' , " e lo P athinflhTi; and then applymga 
SSUawnoWm: mixing S P 0 with particulate "-T^^ng porous sheet. The 

^disclosed in Wiktor wh^h ,s wound from a w bioabs0 rbable matrbc lor 

Jpen-ended tubular shape. • composition is *^ , £* | £nt invention by incorporates 

09 |n us-A-4548736 (Muller et aL).j a ° 8 " S ^ ilton can also be used m ^ e * 8 " fibrjn pf0 vided on the stent, 
delivery of drugs to a patient. Such a flM> c°£™ ment of bod y ^^Z^^ the drugmay elute 

The drug, fibrin and stent can then 1 de^e ^ Examples of drugs Jat d(ugs )of ueabT1 ^td 

t0 affect me course of res e r«^« '™ te J tton a. patent applet*" WOW ^ ^ ^ drugs as 
treatment ot restenos.s are dtsclosed in gnd used m , ne presen i n Uotfc drugs . Further, 

restenosis and drugs thai can be '" corD0 ^ abollt9 drugs . anti-inflammatory drugs ^ano substa nces can 

"^^SKE*" -O— C0UW a,S °r D ^s men <S«rolthe rate at which the 
oiner vasofactive agents such as n«nc ox« ^ ^ m.cro^psules me dehydrall ng the 

Sso be microencapsulated pnoMo ^ ^^am or .he body lumen. 7h« f * uired t0 contain the 
merapeulic substance is al )• a dense fibnn struc wouW fof drug delrvery 

: he resulting fibrin Wo a ^/^nilues c^sed in US-A-4897268. ^^^Vnernatively. in a method s,mto 
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without the use of microcapsules by adding the drug directly to the fibrin followed by compression of the fibrin into a 
sufficiently dense matrix that a desired elution rate for the drug is achieved. In yet another method for incorporating 
drugs which allows the drug to elute at a controlled rate, a solution which includes a solvent, a polymer dissolved in the 
solvent and a therapeutic drug dispersed in the solvent is applied to the structural elements of the stent and then the 

s solvent is evaporated. Fibrin can then be added over the coated structural elements in an adherent layer. The inclusion 
of a polymer in intimate contact with a drug on the underlying stent structure allows the drug to be retained on the stent 
in a resilient matrix during expansion of the stent and also slows the administration of drug following implantation. The 
method can be applied whether the stent has a metallic or polymeric surface. The method is also an extremely simple 
method since it can be applied by simply immersing the stent into the solution or by spraying the solution onto the stent. 

10 The amount of drug to be included on the stent can be readily controlled by applying multiple thin coats of the solution 
while allowing it to dry between coats. The overall coating should be thin enough so that it will not significantly increase 
the profile of the stent for intravascular delivery by catheter. It is therefore preferably less than about 50.8 u.m (0.002 
inch) thick and most preferably less than 25.4 u.m (0.001 inch) thick. The adhesion of the coating and the rate at which 
the drug is delivered can be controlled by the selection of an appropriate bioabsorbable or biostable polymer and by the 

is ratio of drug to polymer in the solution. By this method, drugs such as glucocorticoids (e.g. dexamethasone, betameth- 
asone), heparin, hirudin, tocopherol, angbpeptin, aspirin, ACE inhibitors, growth factors, oligonucleotides, and, more 
generally, antiplatelet agents, anticoagulant agents, antimitotic agents, antioxidants, antimetabolite agents, and anti-in- 
flammatory agents can be applied to a stent, retained on a stent during expansion of the stent and elute the drug at a 
controlled rate. The release rate can be further controlled by varying the ratio of drug to polymer in the multiple layers. 

20 For example, a higher drug-to-polymer ratio in the outer layers than in the inner layers would result in a higher early 
dose which would decrease over time. Examples of some suitable combinations of polymer, solvent and therapeutic 
substance are set forth in Table 1 below. 



TABLE 1 



25 


POLYMER 


SOLVENT 


THERAPEUTIC 
SUBSTANCE 




pory(L-lactic acid) 


chloroform 


dexamethasone 




poly(lactic acid-co-glycolic acid) 


acetone 


dexamethasone 


30 


polyether urethane 


N-methyl pyrrolidone 


tocopherol (vitamin E) 




silicone adhesive 


xylene 


dexamethasone phosphate 




poty(hydroxybutyrate-co-hydroxyvalerate) 


dichloromethane 


aspirin 



The polymer used can be a bioabsorbable or biostable polymer. Suitable bioabsorbable polymers include poly(L-lactic 
acid), poly(lactide-co-glycolide) and poly (hydroxybutyrate-co-valerate). Suitable biostable polymers include silicones, 
polyurethanes, polyesters, vinyl homopolymers and copolymers, acrylate homopolymers and copolymers, polyethers 
and cellulosics. A typical ratio of drug to dissolved polymer in the solution can vary widely (e.g. in the range of 10:1 to 
1:100). The fibrin is applied by molding a polymerization mixture of fibrinogen and thrombin onto the composite as 
described herein. 

In another embodiment of the invention, the coating of polymer and drug on the stent is achieved by forming a first 
fibrin layer on the stent body which incorporates the therapeutic substance and then applying a second layer of fibrin. 
One way this may be accomplished is by applying fibrinogen and thrombin to the stent; while the fibrin layer is polym- 
erizing, applying a layer of a therapeutic substance to the polymerizing fibrin layer; and then overcoating the therapeutic 
substance and fibrin with a second fibrin layer. According to this method the amount of therapeutic substance to be 
delivered by the stent can be controlled by employing multiple layers of fibrin and therapeutic substance. For example, 
to incorporate dexamethasone into a stent the stent body is first wetted with a fibrinogen solution (e.g. 5 mg/ml) and 
then wetted with a thrombin solution (e.g. 12 NIH units/ml) in order to form fibrin on the stent surface. After 2-3 minutes, 
while the surface is still tacky, apply a known concentration of dexamethasone powder to the tacky fibrin. This can be 
accomplished by any number of methods, including rolling or spraying the powder onto the fibrin. After about 5 minutes 
at room temperature, the dexamethasone-coated stent is ready to be coated with the second layer of fibrin. This can 
be accomplished in a mold as described below. In yet another way this embodiment of the invention can be carried out, 
a water dispersible (or soluble) therapeutic substance is dispersed in the fibrinogen solution and this solution is applied 
to a stent body. Thrombin is added to polymerize the fibrinogen on the stent body and thereby produce a fibrin with a 
therapeutic substance incorporated in the fibrin matrix. The first fibrin layer can then be provided with the second fibrin 
coating. 

The term •stent" herein means any device which when placed into contact with a site in the wall of a lumen to be 
treated, will also place fibrin at the lumen wall and retain it at the lumen wall. This can include especially devices delivered 
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a stent and rigid tube into which the stent is >nserted. 

H , 5i sane— .ew o, the tube o, F i,.,to wh,h a carter ba,.oon is inserted. 

Fig6 isapa rt ,-sect to na, view o, the tube of Fig. 5 *th included stent andcathete, 
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application WO 91/12779 could be used in which fibrin is coated onto the stent or incorporated within the polymeric 
material of the stent. A stent of this general configuration is shown in Fig. 3. The stent 40 has a first set of filaments 42 
which are helically wound in one direction and a second set of filaments 44 which are helically wound in a second 
direction. Any or all of these filaments 42, 44 could be fibrin and/or a blend of fibrin with another polymer. The combination 
s of fibrin with another polymer may be preferred to provide improved mechanical properties and manufacturability for the 
individual filaments 42, 44. A suitable material for fibrin-containing filaments 42, 44 is the crosslinked blend of poly- 
urethane and fibrin used as a vascular graft material in the article by Soldani et al., "Bioartificial Polymeric Materials 
Obtained from Blends of Synthetic Polymers with Fibrin and Collagen" in International Journal of Artificial Organs, Vol. 
14, No. 5, 1991 . Other biostable or bioerodeable polymers could also be used. A fibrin-containing stent of this configu- 
re ration can be affixed to the distal end of a catheter in a longitudinally stretched condition which causes the stent to 
decrease in diameter. The stent is then delivered through the body lumen on the catheter to the treatment site where 
the stent is released from the catheter to allow it to expand into contact with the lumen wall. A specialized device for 
deploying such a stent is disclosed in US-A-51 92297 (Hull). It will be apparent to those skilled in the art that other 
self -expanding stent designs (such as resilient metal stent designs) could also be used with fibrin either incorporated in 
15 the material of the underlying structure of the stent or filmed onto the underlying structure of the stent. 

A preferred method of making a stent according to the present invention is as set forth in Figs. 4-10. A stent 50 of 
the type disclosed in US-A-4886062 (Wiktor) is inserted into a tube 55 which is preferably made from a rigid material 
and which has an inside diameter which is large enough to accommodate an unexpanded PTCA balloon but which is 
smaller than a fully inflated PTCA balloon. A PTCA balloon 60 attached to a catheter 62 and inflation device (not shown) 
20 is inserted into the stent 50 and tube 55. Fibrinogen at a pH of about 6.5, suspended in a saline solution, and thrombin 
are inserted into the tube 55 around the deflated balloon 60 and stent 50. The amount of thrombin added is not critical 
but preferably will polymerize the fibrinogen to fibrin 65 in about 5 minutes. After polymerization, the fibrin is allowed to 
crosslink for at least an hour, preferably several hours. The balloon 60 is then inflated to compress the fibrin 65 between 
the balloon 60 and tube 55. The balloon 60 is then deflated and removed from the tube 55. The resulting fibrin stent 70 
25 includes the stent 50 embedded in a very thin elastic film of fibrin 65. The fibrin stent 70 may then be removed from the 
tube 55 and washed in a buffered saline solution. 

Further processing of the fibrin stent can also be undertaken to neutralize thrombin with PPACK or hirudin;- to add 
anticoagulants such as heparin; to further facilitate crosslinking by incubation at body temperature in a biological buffer 
such as a solution of blood serum buffered by 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES); or to add 
30 plasticizers such as glycerol. The resulting fibrin stent can then be placed over a balloon, and secured onto the balloon 
by crimping. The stent can then be delivered transluminal^ and expanded into place in the body lumen by conventional 
procedures. 

Preferably, heparin is incorporated into the stent prior to implantation in an amount effective to prevent or limit 
thrombosis. For example, the fibrin stent can be immersed in a solution of heparin within 10-30 minutes prior to implan- 
ts tatbn. The heparin immersion procedure can be conducted in a heparin solution having a concentration of 1000-25000 
heparin units/ml. It may also be desirable to incorporate heparin into the fibrin matrix before it is completely polymerized. 
For example, after the fibrinogen and thrombin have been combined and the resulting fibrin has been shaped but within 
two hours of combining the fibrinogen and thrombin, the fibrin is immersed in a solution of heparin. Since the fibrin 
polymerization is largely complete at this point, the fibrin can be immersed in heparin solution containing up to about 
40 20000 units/ml of heparin without damaging the integrity of the fibrin structure. Immersion times will depend on the 
concentration of the heparin solution and the concentration of heparin desired in the fibrin. However, preferably, in a 
solution of heparin having a concentration of 10000-20000 units/ml of heparin, an immersion time of 12-24 hours may 
be used. In yet another method for incorporation of heparin in the fibrin, the heparin can be included in the fibrinogen 
or in the initial mixture of fibrinogen and thrombin so long as the ratio of heparin to fibrinogen is such that the presence 
45 of the heparin does not lead to a weak fibrin film. Typically, less than 50-500 units of heparin can be used in a stent 
which includes 0.003-0.006 grams of fibrin. In yet another method for incorporating heparin into the fibrin, powdered 
heparin can be dusted onto the stent during the polymerization process and additional thrombin and fibrinogen can then 
be applied as a coating over the heparin. 

The metal stent portion mentioned above may be eliminated to make a fibrin tube which can be placed on a balloon 
so catheter and expanded into place in a body lumen. The absence of permanently implanted metal elements would allow 
the entire stent to biodegrade as healing is completed in the body lumen. In order to achieve sufficient structural support 
for a stent without a metal structure, it may be desirable to form supporting elements from elastin or elastin/fibrin/colla- 
gen/fibroriectin as replacements for the metal supporting elements. If desired, fibrin glue or fibrinogen can also be applied 
to the exterior of the fibrin tube immediately prior to placing it into the blood vessel in order to improve its adhesion to 
55 the vessel wall. 

In yet another method for making the fibrin stent, the fibrin can be polymerized in a multi-cavity mold such as that 
shown in Figs. 11 and 12. The mold 100 is a three piece mold consisting of first and second mold halves 101 , 102 and 
moid base 103. A series of pins 105-108 and screws 110-113 secure the mold pieces 101-103 together. As assembled, 
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the mold halves 101, 102 define five mold cavities I15a-e. Centrally located within each of the mold cavrt.es llSa-e s 
aco™spondingpin117a^^ 

irpassageways I20a-e which communicate with the cavities 115.- to allow complete hllmg of the maHo^J^ 
ZSZ surfaces are coated with a polymeric slip coating such as PTFE to perm,, the piece parts to b e rented tam 
5 the mow cavities after cumg. Fig. 13 shows the mold base 103 of Fig. 12 after he •""WhaJ*. 10 V 102 have been 
removed following the molding operation. Pins 117a- are shown surrounded by the molded fibnn 121a-. 

Tow referring also to Fig. 14. in operation, a stent 125 is pfaced into the mofd 100 intoone of the mok^vrt.ee 115a 
such that the pin 117a occupies the hollow center of the stent 125. A fibrinogen mixture with thrombin 130 js made by 
metering the fibrinogen solution and thrombin solutbn into a sterile syringe and then moving the plunger of the synnge 

0 125 ml of a thrombin solution having a concentration of 12 NIH units/ml. The mature 130 «■ then ***^*» 
bottom of the cavity 11 5a of the mold 100 to nil the cavity 11 5a and encompass the stent 125. The mixture 1 30 .s then 
allowed to cure. WRh the mature indicated above, the curing interval should be at least two hours. Once the mature 

1 *7h7s cloned, st^^ 

cured the molded preform 140 comprising the stent 125 and the cured mixture 130 .s removed from the moU 100 by 
ren^vino the moki base 103 and pulling the mokled preform 140 from the pin 117a. Since the p.n 117 « coated wrth 
ESTSe cured mixture 130 does no. a*ere to me pin 11 7a and me molded preform 1^ 
pushing .he preform from the bottom of pin 117a using a plastic tweezers. If required, excess fibnn can be tmwnedtem 
,he preform 140 at this point or trimming can .ake place a. a later stage of processing where the fibr,^ stronger The 
prefL 140canthen be^rthercrosslinked by treating 

aSrsuch as Factor XIHa. For example, the buffer 145 could be a tris buffer with a pH of 7.4 w,.h the prefomr ,140 
frTesedTn the tris buffer for a. leas, five hours. Preferably, a solution of heparin 1 35 is also included in the mature 
130 The mixture 130 wHh heparin 1 35 is then injected into the cavity 115a of the mold 100 and allowed to cure. AKer- 
naUveJ immediate^ after the preform 140 is removed from .he moto 100. the preform 140can 
solution. After cross.inking. me preform 140 undergoes an additional motoing stage ,n a cav,.y of asecond moW 150 in 
which pressure 155 is applied to provide the final form of the fibrin stent 160. For example, me mold can simply be a 
notvcamonate tube and me preform 140 can be ptoced over me balloon of a balloon catheter and «to the .tuba. The 
SSI slowfy inflated causing the preform 140 to be pressed against me sides of the tube .The > e««*of me 
expansion and pressure on me fibrin is to stretch it and thin it because of the vscoelasfc properties of the fibnn. Because 
fibSn is such a fragile material, it* important to control me expansion by stow expanse to prevent me fibm from tear^g 
and also to provide a stent with me proper dimensions for expansion in vivo without tearing. For example me preform 
^mShavean internal diameter of about 2.7 mm and may be p^edonaS-Sn^balloonand^oan^WISO^ 
a 3 4 mm internal diameter. The balloon can .hen be expanded slowly a. one atmosphere .ncrements unt,l a pressure 
of aboTsi^ospheres is achieved. Pressure 155 is then typicaify ma^ 
mold 150 for a short period of time in order to set the fibrin stent 160 into its final st ^^X 
atmospheres of pressure is sufficient. Upon release of pressure in me balloon, the » baltoon and I fibnn^ ^nlUOc» to 
withdrawn from L mold 150. If me fibrin stent 160 is to be packaged and shipped dry. rt can men be dehydrated 17Q ; 
by we» known methods such as air drying, ethanol dehydration or lyophi.ization and f>^™**£W and usa 
Typically after packaging 180 . me fibrin stent 160 is sterilized 190 by gamma or electron beam ster.l.zabon. It v*H be 
Sipre^ 

SterHization of the fibrin stent can be accomplished by starting with sterile, virus-free materials and ^""^"8 
me device under sterile processiigcondftions. The sterile processing conditions include manufacturing the dev«e ^under 
standard clean room conditions and end^g the manufacturing process with a final sterilization step. The f.nal stenkza tton 

omfcrcorgan^mDNA. This can be accomplished at an approxW 

ray sourcecan be e.g. cobalt-60 or cesium-1 37. Another suitable form of rad.at.on can be electron beam rad.at.on The 
ScSLddevicecJigurationat irradia.ioncanbeei.her dry or weti.e.wimthe fibrin^ 

state o, in a wet pack package where me fibrin s maintained in a 100% relative humid.ty environment until end use. 
Ratios mentioned herein are by weight unless otherwise specified. 
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Claims 

1. A drug eluting intravascular stent comprising. 

(a) a generally cylindrical stent body; 

(b) a solid composite of a polymer and a therapeutic substance in an adherent layer on me stent body, and 
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(c) fibrin in an adherent layer on the composite. 
2. A stent as claimed in claim 1 wherein the said body has a metal surface, 
s 3. A stent as claimed in claim 1 wherein said stent body has a polymeric surface. 

4. A stent as claimed in any one of claims 1 to 3 wherein said solid composite comprises a plurality of layers. 

5. A stent as claimed in claim 4 wherein the ratio of therapeutic substance to polymer is not the same in all said layers. 

10 

6. A stent according as claimed in any one of claims 1 to 5 wherein said polymer is a bioabsorbable polymer. 

7. A stent as claimed in claim 6 wherein said polymer is selected from fibrin, poly(L-lactic acid), poly(lactide-co-gfycol- 
ide) and poly(hydroxybutyrate-co-valerate). 

15 

8. A stent as claimed in any one of claims 1 to 5 wherein said polymer is a biostable polymer. 

9. . A stent as claimed in claim 8 wherein said polymer is selected from silicones, polyurethanes, polyesters, vinyl 
homopolymers and copolymers, acrylate homopolymers and copolymers, polyethers and cellulosics. 

20 

10. A stent as claimed in any one of claims 1 to 9 wherein the ratio of therapeutic substance to polymer in said solid 
composite is in the range of 10:1 to 1:100. 

11. A stent as claimed in any one of claims 1 to 10 wherein said therapeutic substance is selected from glucocorticoids, 
25 heparin, hirudin, tocopherol, angiopeptin, aspirin, ACE inhibitors, growth factors, oligonucleotides, antiplatelet 

agents, anticoagulant agents, antimitotic agents, antioxidants, antimetabolite agents, and anti-inflammatory agents. 

12. A method of producing a drug eluting intravascular stent, said method comprising the steps of: 
30 (a) providing a generally cylindrical stent body; 

(b) forming on said stent body a layer of a solid composite of polymer and therapeutic substance; and 

(c) forming over said composite a layer of fibrin. 

35 

13. A method as claimed in claim 12 wherein said layer of solid composite is formed by: 

(a) applying to said stent body a solution which comprises a solvent, a polymer dissolved in said solvent and 
a therapeutic substance dispersed in said solvent; and 

40 

(b) evaporating said solvent to form a composite of polymer and therapeutic substance; 

14. A method as claimed in claim 13 wherein said solution is applied by spraying. 

45 1 5. A method as claimed in either of claims 1 3 and 1 4 wherein a said solution is applied in a plurality of application and 
evaporation steps. 

1 6. A method as claimed.in claim 1 5 wherein the ratio of therapeutic substance to dissolved polymer in said solution is 
not the same in all of said plurality of application steps. 

50 

17. A method as claimed in claim 12 wherein said layer of solid composite is formed by: 

(a) applying to said stent body a solution which includes fibrinogen; 
55 (b) applying thrombin to the fibrinogen on the stent body to effect polymerization of the fibrinogen; and 

(c) applying a therapeutic substance to the fibrinogen as the fibrinogen is polymerizing. 
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